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Abstract-This work describes a vertical hot plate moves with 
acceleration and with variation wall temperature. The 
temperatures of the plate decrease with the increase of velocity 
of the plate. The temperature and velocity are given by the 
governing equations. The dimensionless equations of the 
problem have been solved numerically by the finite difference 
method. The temperature and the velocity profiles against 
several parameters like Prandtl Number, Grashoft number 
and time are presented. The results show that the temperature 
and velocity profiles are significantly influenced by Prandtl 
and Grashoft number. 

Keywords - Plate, temperature, velocity, Prandtl and 
Grashoft number. 

1. Introduction 

Study of flow with heat transfer play an important role in 
engineering sciences. Some important applications are cooling 
and heating of industrial equipment, liquid metals liquid, 
cooling of machine elements. The movement of equipment of 
thermal engines needs the cooling and heating system in order 
the systems run in good conditions. Some of the cooling and 
heating of an engineering equipment could be approached by an 
accelerated plate in a fluid. 

An exact solution of heat transfer of fow past an 
exponentially accelerated infnite vertical plate with variable 
temperature is analyzed by Muthucumaraswamy et al. [1]. The 
effect of heat transfer is more in the presence of air than in 
water. An analytical study of an incompressible viscous fluid 
past an exponentially accelerated infinite vertical plate with 
uniform heat flux was given by Chandrakala et. al. [2]. 

The similar case, Muralidharan [3] gives the solution of 
flow past a parabolic starting motion of the infinite vertical 
plate with uniform heat flux and variable mass diffusion has 
been studied using the Laplace transform technique. 

Amit et. al. [4] also studied the heat and mass transfer on 
flow past an exponentially accelerated infinite vertical plate 
with variable temperature and mass diffusion through a porous 
medium. The effect of heat generation on heat transfers from a 
vertical plate are numerically given Mamun et. al. [5]. They use 
the implicit finite difference method of Keller box-scheme to 
solve the governing equations. The linear acceleration of the 
plate with suction in incompressible viscous fluid was presented 
by Das et al. [6]. 



Rajesh et al. [7] studied an analytical study of the effects of 
temperature dependent heat sources of the free convection and 
mass transfer flow past an exponentially accelerated infinite 
vertical plate of a viscous incompressible electrically 
conducting fluid under the action of a uniform magnetic field 
through porous medium. An exact solution to the flow past an 
exponentially accelerated infinite vertical plate and temperature 
has been presented in the presence of variable mass diffusion 
[8,9]. 

The effect of rotation of the unsteady hydromagnetic flow 
past a uniformly accelerated infinite vertical plate in the 
presence of variable temperature and mass diffusion was 
studied by Muthucumaraswamy et al. [10]. The effect of 
magnetic fields on heat transfers from an accelerated plate were 
given by Sahin et. al [11]. The experimental study of 
accelerated cooling of plate is shown by Antonio et al. [12] 

The literature survey show that the most of initial 
temperatures of accelerated platee equal to the ambient 
temperature. In some cases, the temperature is held constants 
and equals to the plate temperature for time greater than zero. 
The initial temperature of a vertical plate is greater than the 
ambient temperature. In other words, the plate is initially at 
high temperature or hot plate and then suddenly it moves 
vertically with acceleration. So there is a heat transfer of a hot 
plate to the ambient fluid and the plate temperature decreases 
with increasing time. 

2. Governing Equations 

The flow of a viscous incompressible fluid past an infnite 
vertical plate with variable temperature is considered. The plate 
surface temperature is initially higher than the ambient fluid 
around the plate and then it decreases with increasing time 
since the acceleration of the plate. The x-axis is taken along the 
plate in the vertically upward direction and the v-axis is taken 
normal to the plate. 

At time t < 0, the plate is at the temperature higher than T^ 
and the fluid is at rest. At time t .> 0, the plate is linearly 
accelerated with increasing time in its own plane and the 
temperature decreases with temperature T = l/(l+aO- It is 
assumed that the effect of viscous dissipation is negligible and 
by usual Boussinesq's and boundary layer approximation. The 
unsteady flow is governed by the following equations: 



du 
~dt 



gJ 3(T-TJ + u 



d 2 u 

dy 2 



(i) 
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„ dT 1 d 2 T 



(2) 



dt 8y 2 

with the following initial and boundary conditions: 



u = 0, T = T s 



for all y,t<0. 



t > 0 : u = U 0 at, T = Too +(r s -r 00 )/(i+A^ 
at y = 0 

u = 0, 7 = 7^ as y — >oo 

where A = — — 
V 

The non-dimensional quantities are as follows : 

2 

* U 

u = — 



V 



V 

T-T x 
T s -T x 



Gr- 



gpu{T s -TJ 



Pr = 



av 



After introducing the non-dimensionless quantities into the 
equation (1) and (3) leads to the following equations : 



du 



dT 

dt* 



= GrT + 



d 2 u 



dy 2 



1 d 2 T 
Pr dy* 



(3) 



(4) 



The initial and boundary conditions in non-dimensional 
quantities are 



M * = 0, 7*=1, 

t>0: u = aV ,T* = 1/(1+/*), 
u =0, f = 0, 

3. Method of Solution 



for all y , t < 0. 



at j =0 



as y 



The each term of equations (3), (4) with initial and 
boundary conditions are discretized with finite difference. The 
discretizations lead to the following equation : 



At 



= Gri: j + 



-2u + u i 



Ay 



*2 



At PrAy 1 



7+1 



2r. . +7;. 

i ->j 



(5) 



(6) 



The suffix / corresponds to 7 and j corresponds to j . The 
equation (5) and (6) are the linear type and we used the 
iteration method to solve the equations. The iteration method of 
over-ralaxation was used in which the factor of ralaxation was 
chosen X = 1.1. The calculation started by solving equation (6) 
until convergence was obtained and after the temperature 
obtained, the calculation was continued by solving equation (5) 
to obtain velocity of each point ij. The absolut convergence 
was attained less than 10" 6 and the number of iteration was 
about 1400 depending on the Pr and Gr number. 

4. Results and Discussion 

In the preceding results, the temperature and velocity are 
calculated for different values of Prandtl and Grashof number. 
In these calculations, the parameter a* = 2 is taken a constant 
throughout the calculation. The values of Prandtl number Pr are 
chosen such that they represent air (Pr = 0.71) and water (Pr = 
7) since these two medias are the most used for heating and 
cooling process. 

The temperature profiles for Pr = 0.71 are shown by Figure 
2 which present variation on dimensionless temperature with 
distance y for some values of time t . It is observed that 
temperature profile variation is significant for small 7* and the 
variations are small for higher t*. Its is caused by the 
temperature at boundary condition of the plate as shown by 
Figure 1. The temperature gradient tends to zero at y* ~ 6 for t* 
= 2 and y* ~ 1 for small t*. 




Figure 1. Boundary condition of plate temperature 
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y* 



Figure 2. Temperature profiles for Pr = 0.71 

It is observed that all profiles decay asymptotically to zero 
in the free stream. Comparing figure 2 and 3. The convection 
current occurs in short distance from the plate. The maximum 
distance is v* ~ 2 for t* = 2 where at this distance the 
temperature equals to the ambient temperature. The increase in 
Prandtl number means that the thermal diffusivity of fluid 
decreases. So the temperature decreases due to the decrease of 
thermal boundary layers. 




Figure 3. Temperature profiles for Pr =7 

.The effect of velocity air (Pr = 0.71) for different values of 
t* and for Gr = 5 is presented in figure 4. It is observed that a 
rapid decrease of velocity for larger t* in the region near the 
plate. For t = 2, the maximum thickness of hydrodynamic 
boundary layer is at about y* ~ 6 where the velocity equals to 
zero. The increase in Prandtl number for constant Grashoft 
number leads to decrease velocity fields as it is shown by Figure 
4 and 5. 
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Figure 4. Velocity profiles for Pr = 0.71 and Gr = 5 



5.0 




0 12 5 4 5 

Figure 5. Velocity profile for Pr = 7 and Gr = 5 

Figure 6 illustrate the transient velocity with higher 
Grashoft number Gr = 15. The thermal Grashof number 
signifies the relative effect of the thermal buoyancy forces to 
the viscous hydrodynamic force in the boundary layer flow. 
This gives rise to an increase in the induced flow. The velocity 
of the induced flow is greater than the velocity of plate. 



6 




Figure 6. Velocity profile for Pr = 0.71 and Gr = 15 
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For Gr = 15 and Pr = 7, the velocity profiles are shown 
by Figure 6. Comparing these profiles with profiles in Figure 5, 
the difference is observed the fluid adjacent to the plate where 
the velocity is approximately equal to the velocity of the wall. 




0 12 3 4; 



Figure 6. Velocity profile for Pr = 7 and Gr = 15. 
Conclusion 

For higher Prandtl number, the heat transfer process 
occurs to the shorter distance from the plate and vice versa. In 
case of higher Grashoft number, the fluid velocity adjacent the 
plate move with high velocity which is larger than the velocity 
of the plate. 
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Nomenclature 



A, a 


Constants 




Specific heat at constant pressure [J.kg 1 K" 1 ] 


Gr 


Thermal Grashof number 


g 


Acceleration due to gravity [m.s 2 ] 


k 


Thermal conductivity [W.m _1 .K _1 ] 


Pr 


Prandtl number 


T 


Temperature [K] 


T 


Time [s] 


u 0 


Velocity of the plate [m.s" 1] 


y 


Coordinate axis normal to the plate [m] 


Greek symbols 


fl 


Volumetric coefficient of thermal [K 1 ] 




expansion 




Coefficient of viscosity [Pa.s] 


V 


Kinematic viscosity [m 2 .s _1 ] 


P 


Density of the fluid [kg.m 3 ] 


Subscripts 


s 


surface of the plate 


00 


Conditions in the free stream 



Superscript 

* Dimensionless 
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